Intraosseous hemangiomas are uncommon intrabony lesions, representing approximately 0.5 to 1% of all intraosseous tumors. Their description varies from "benign vasoformative neoplasms" to true hamartomatous proliferations of endothelial cells forming a vascular network with intermixed fibrous connective tissue stroma. These commonly present as a firm, painless swelling. Intraosseous hemangiomas present more commonly in females than in males and most likely occur in the fourth decade of life. The most common etiology of intraosseous hemangioma is believed to be prior trauma to the area. They have a tendency to bleed briskly upon removal or biopsy, making preoperative detection of the vascular nature of the lesion of significant importance. There are four variants:
1. Capillary type 2. Cavernous type 3. Mixed variant 4. Scirrhous type Generally most common in the vertebral skeleton, they can also present in the calvarium and facial bones. In the head, the most common site is the parietal bone, followed by the mandible, and then malar and zygomatic regions. Intraosseous hemangiomas of the zygoma are rare entities with the first case reported in 1950 by Schoenfield.treated with excision followed by polyether-ether ketone (PEEK) implant placement for primary reconstruction.
Case Report
A 15-year-old male was referred to Duke University Medical Center for evaluation of an expanding lesion of the right zygoma in February 2013. The patient had no history of prior trauma to the region and was otherwise in an excellent state of health. He had noticed swelling in the malar area approximately 3 months before his presentation to Duke University, but was otherwise asymptomatic. Physical examination demonstrated a 3 Â 3 cm area of firm bony outgrowth in the region of the right zygoma (►Fig. 1). No palpable thrill or overlying inflammation was identified.
The patient reported a previous aspiration attempt, as it was originally believed to be an infected soft-tissue cyst by an outside plastic surgeon. When the lesion failed to resolve, the patient subsequently underwent a computed tomographic (CT) scan that demonstrated a destructive, enhancing, expanding mass of the right zygoma measuring approximately 3.8 Â 2.6 Â 2.6 cm (►Fig. 2). The patient was then referred to an outside otolaryngologist who performed an incisional biopsy. The biopsy specimen was first evaluated at the Sentara Norfolk General Hospital in Norfolk, VA, and also by the University of Miami, Miami, FL, and the Boston Children's Hospital, Boston, MA. A consensus diagnosis of epithelioid hemangioma of bone was confirmed (►Fig. 3).
Bilateral external carotid arteriograms were obtained preoperatively with a plan for possible embolization of potential high-flow contributory vessels. However, no vessels were embolized, as the bilateral common arteriograms were normal and there was no evidence of tumor neovascularization or arteriovenous malformation. The case was presented at the Duke University Vascular Anomalies Tumor Board where a unanimous decision was made to proceed with surgical resection only.
The patient was taken to the operating room and the lesion was resected using a combination of transconjunctival and intraoral approaches. A lateral canthotomy was completed to improve access to the operative site. The defect was reconstructed with a custom-fabricated PEEK implant (►Fig. 4). A Frost tarsorrhaphy suture was utilized to suspend the lower eyelid and the specimen was submitted for histopathologic evaluation. The intraoperative bleeding was minimal and the blood loss was estimated to be 50 mL. The postoperative course was uneventful, the aesthetic outcome was excellent, and to date, there is no evidence of lesion recurrence (►Fig. 5).
Methods
A search was completed on PubMed for case reports of intraosseous hemangiomas of the zygoma. Reports of 49 case studies or series in either in English or translated into English were available in full text for our review. Of the 49 published reports, there were 39 documented case studies of intrazygomatic hemangiomas. The following information was extracted as raw data for each case: age, sex, location, size (measured either radiographically or by final excisional size), pain, swelling, radiographic findings, history of trauma, treatment rendered, whether reconstruction was required and if so with what material, time of follow-up, recurrences, intraoperative bleeding, and any ocular findings.
Results
Of the 49 cases (►Table 1), 36 were females and 13 were males, representing approximately 3:1 prevalence in females as has been previously reported in the literature. The ages ranged from 1-day old to 72-year old, with the most common presentation in the fifth decade of life. This is contrary to previous reports that the most common presentation is in the second or fourth decade of life. Measurements were conducted either radiographically or upon excision. Six were measured less than 1 cm in greatest dimension. Twenty-four were greater than 1 cm but less than or equal to 2.5 cm in greatest dimension. Ten were greater than 2.5 cm in greatest dimension. In nine cases, the size of the tumor was unreported. Only 1 of the 49 patients presented with no swelling and the lesions were discovered incidentally on magnetic resonance imaging (MRI). Of the 49 patients, 24 reported pain as a symptom, while 18 reported no pain, 7 case reports did not mention whether the patient presented with pain. Seven patients had ocular findings at the time of presentation including dystopia, exorbitism, ptosis, and limitations of extraocular muscle movement.
Trauma is believed to be the most common etiology of intraosseous hemangiomas, but only 6 of the 49 cases were reported a previous trauma to the area. Twenty-two cases reported no previous trauma, and 11 cases did not report, or the patients were unsure of previous trauma, to the site. Only two cases were managed with incisional biopsy followed by surveillance. One patient refused treatment. The remaining patients were treated with excision or complete resection. Of those 46 who underwent excision or resection, only 13 did not require reconstruction. Twenty-nine of the 46 patients who underwent surgical removal required some type of reconstruction, while the need for reconstruction was not reported on 4 of the cases. Reconstruction was not required on any of the cases with tumors measuring 1 cm or less. It was also not required on 3 of the 10 cases with tumors measuring >2.5 cm in greatest dimension. For reconstruction, 18 cases were reconstructed with bone, 3 were reconstructed with hydroxyapatite, 5 used silicone or other synthetic or titanium materials, and 2 required soft-tissue fat grafting only. Histopathologic examination revealed 5 capillary hemangiomas, 25 cavernous hemangiomas, and 3 mixed hemangiomas. Five patients underwent preoperative embolization or ligation of Zygomatic Intraosseous Hemangioma Powers et al. Zygomatic Intraosseous Hemangioma Powers et al. 7
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branches of the external carotid artery prior to treatment. Reported follow-up period ranged from 4 weeks to 10 years. Two reported cases of recurrence were both discovered at 6-month follow-up. Twenty-one cases did not report follow-up data or recurrence.
Discussion
Primary intraosseous hemangiomas of the zygoma are rare pathologic lesions with only 49 published cases in the literature to date, not including the case described earlier.
Patients generally present with malar asymmetry and bony mass and are often otherwise asymptomatic. If symptomatic, the most common complaint is pain (49%) followed by ocular findings (14.2%) related to the mass effect. Ocular findings include dystopia, exorbitism, ptosis, and impingement of extraocular muscle movement. Despite the fact that trauma is believed by many to be a common cause of primary intraosseous hemangiomas, only six cases had a prior history of trauma (12.2%), one of which was prior surgical trauma.
1-3 Traumatic injury is believed to predispose to periods of accelerated growth. 4 In contrast, others have suggested that these lesions are congenital.
2,5-7
Given the relatively few cases that report a history of trauma and the occurrence of two cases during infancy, we support the theory that these lesions are congenital. If they are congenital, the late onset of these lesions in the fifth decade of life is certainly curious. CT scan remains the diagnostic imaging modality of choice for the diagnosis of intraosseous hemangiomas and was the most common imaging modality utilized by clinicians for evaluating these lesions. 7, 8 CT scan is often preferred because of improved characterization of cortical and trabecular detail to a greater extent than alternative imaging modalities. 3 In contrast to their soft-tissue counterparts, the CT characteristics of primary intraosseous venous malformations have not been well elucidated. 9 The radiographic appearance is often described as "honeycomb," "soap bubble," or "sunburst,"
3 Though these lesions may initially raise concern for osteosarcoma, upon close inspection the cortical border will be intact, highlighting the benign nature of these lesions.
10
Several authors have advocated the use of MRI instead of CT.
1,7,11 MRI provides not only superior soft-tissue evaluation, but the high-signal enhancement in water-sensitive, T2-weighted sequences allow for assessment of fluid-filled lesions. 3 Arteriograms can be utilized if there is concern for high-flow malformations and can be therapeutically advantageous if endovascular intervention is desired, though the benefits of selective embolization are believed to be limited. 2, 8, 12, 13 Several clinicians in the cases reviewed ordered preoperative MRIs and arteriograms, but rarely selective embolization was utilized. Overall, the utility of MRI and arteriograms in the treatment of zygomatic intraosseous hemangiomas remains to be elucidated. Management of primary intraosseous hemangiomas of the zygoma depends on both symptoms and cosmetic considerations and varies according to the location and extent of the lesion. Indications for surgical intervention include cosmesis, hemorrhage, and complications of mass effect. 7, 10, 14, 15 Because these lesions are benign, observation is an option for asymptomatic individuals. 7 However, of the cases identified, only two patients were managed with surveillance; both denied pain and ocular symptomatology. Another patient initially opted for surveillance but then returned for complete resection. Given the expanding nature of these lesions, it is likely that those that initially choose surveillance may later decide on resection due to aesthetic concerns. In contrast to soft-tissue venous malformations in which various treatment options have been described, complete surgical resection remains the treatment of choice for primary intraosseous hemangiomas. 7, 10, 16, 17 Recurrence is higher in individuals undergoing partial resection
7
; the literature review did not identify any cases recurrence after en bloc resection. However, there may be theoretical increased risk of complications and the issue of reconstruction with more extensive en bloc resections compared with partial resections.
The reconstruction method is more controversial, but lesions greater than 1 cm generally require reconstruction. Primary reconstruction with autogenous bone is most commonly utilized with calvarial grafts being most commonly applied (28.6%). Primary reconstruction prevents soft-tissue contraction, which can be difficult to correct should it occur.
18 Several authors have utilized alloplastic implant prostheses, such as the PEEK implant we described in the aforementioned case. Preoperative imaging can be employed to create custom-fabricated PEEK implants with the advantages of avoiding donor site morbidity and decreasing surgical time. 19 Because the zygoma represents a keystone of facial aesthetics, custom implants that mirror the unaffected side may result in an improved aesthetic outcome though satisfactory cosmesis has been reported with both autogenous grafting and alloplastic techniques.
20
Though hemorrhage is a potential serious complication, more cases reported brisk bleeding during incisional biopsies (12.2%) than during resection (8.2%). The bleeding that occurred during biopsy procedures was controlled with local measures and cautery. En bloc resection with adequate bony margins appears to minimize the risk of massive bleeding. 8, 13, 21 Therefore, despite the vascular nature of these lesions, hemorrhage is a rare complication.
Conclusion
Primary intraosseous hemangiomas of the zygoma are rare lesions of likely congenital origin that often present as a bony outgrowth resulting in facial asymmetry. Various imaging modalities can be utilized to characterize these benign outgrowths; MRI and arteriograms may be useful in evaluating the vascular nature of these lesions, especially if there is concern for high-flow malformations. En bloc resection with primary reconstruction using autogenous bone grafts has been used to treat the majority of these lesions, though there may be a new role for alloplastic materials in reconstructing these deficits. Here, we report the first case of reconstruction with PEEK implant placement with an excellent esthetic result. En bloc resection also minimizes the risk of bleeding, a complication seen more frequently when these lesions are biopsied.
